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BIPOLAR FLIP-FL.OP CIRCUIT WITH
IMPROVED NOISE IMMUNITY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor inte-
grated circuit including a bipolar-type flip-flop circuit, and,
particularly, to a technique to prevent erroneous operation of
a flip-flop circuit due to external noise.

2. Description of the Related Art

Bipolar-type flip-flop circuits are used in various appli-
cations. In this description, here, there will be described a
specific application of a flip-flop circuit to a control circuit
used 1n an apparatus installed in a car or a motorcycle. In this
application, the flip-flop circuit is often affected by ignition
noise due to sparks of an ignition plug.

FIG. 9 is a circuit diagram illustrating a conventional
semiconductor integrated circuit called a flip-flop circuit for
use in a control circuit of an antilock brake system (hereafter
referred to as an ABS) installed in a car or a motorcycle. In
this flip-flop circuit 10 shown in FIG. 9, a reset operation
takes precedence over a set operation. The flip-flop circuit
10 comprises: constant current sources I3, 16, 17 (I3, 16, 17
are also used to denote the values of currents supplied by
these current sources); bipolar transistors (hereafter referred
to simply as transistors) Q3, Q4, Q7, Q8, and Q9; and
resistors R3, R4, R5 and R6. In FIG. 9. there are also shown
a set terminal Set, a reset terminal Reset, an output terminal
OU'T, a power supply Vcc, and ground GND. In this flip-flop
circuit 10, the flip-flop circuit is set or reset by a combination
of transistors QJ3, Q4, Q7, and Q8 to provide a Q signal and
an inverted-Q (denoted by Q with an overline in FIG. 9 and
other figures) signal. The Q signal is inverted by an inverter
composed of the transistor QY, and output via the output
termunal OUT as an inverted-Q output signal. Resistors R3
and R4 are balance resistors for equally supplying the Q
signal to bases of both transistors Q4 and Q9. Similarly,
resistors RS and Ré6 are balance resistors for supplying a set
signal equally to the base of the transistor Q3 and the base
of a transistor (not shown) in another block.

This circuit 1s used as one of the flip-flops included in a
circuit that generates a signal when a failure is detected in a
control motor (not shown) of an ABS. This signal is sent to
a controlier such as a microcomputer (not shown) respon-
sible for control of the entire ABS so as to stop the antilock
brake control and switch the control to a normal brake
control mode. The set terminal receives for example, a
failure signal generated by a sensor (not shown) for detect-
ing overheating of the control motor or by a circuit (not
shown) for detecting an overcurrent of the control motor. In
response to this failure signal, a signal is provided to the
microcomputer of the ABS via the output terminal OUT so
as to stop the antilock brake control. One flip-flop circuit of
this type is provided for each of failure signals of the

overheating sensor of the motor, overcurrent detection cir-
cuit, etc.

The flip-fiop circuit shown in FIG. 9 operates as follows.

In the following explanation, there will be shown an
example 1in which the flip-flop circuit receives a failure
signal from the overcurrent detection circuit for detecting a
fallure of the control motor of the ABS. Therefore, it is
assumed that the set terminal is connected to the output of
the overcurrent detection circuit, and the output terminal
OUT 1s connected to an input of microcomputer of the ABS.
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In a normal state, when no failure i1s detected, the set
terminal connected to the overcurrent detection circuit is at
an L-level. Just after the power supply of the system is
turned on, a reset signal having an H-level is applied to the
reset terminal. After thaf, however, the reset terminal is
maintained at an L-level. In this state, transistors Q3, Q4,
Q8, and QY are in an off-state, and the transistor Q7 is in an
on-state. As a result, the Q signal is at an L-level and the
output terminal OUT or the inverted-Q output is at an
H-level. That 1s, in a normal state, an H-level signal is
applied to the microcomputer.

If the overcurrent detection circuit detects an overcurrent
flowing through the motor, an H-level signal is applied to the
set terminal. As a result, the transistor Q3 is turned on, and
thus the 1inverted-Q signal falls down to an L-level, and this
causes the transistor Q7 to be turned off. As a result, the Q
signal goes to an H-level, and transistors Q4 and Q9 are
turned on, and thus the inverted-Q output at the output
terminal OUT goes to an L-level. In this way, a signal
indicating that a failure or an overcurrent has occurred is
sent to the microcomputer. In response to this signal, the
microcomputer stops the antilock brake control and switches
the control to the normal brake control mode.

In the flip-flop circuit configured in the above-described
manner, when a huge surge (ignition noise in this case)
occurs on the Vcc power supply line or the GND line, a
current flows for a short time through the parasitic capaci-
tance of a semiconductor substrate (described later) into the

bases of the transistors Q3 and Q4, which sometimes causes
the flip-fiop to operate in an erroneous manner (to perform

“an erroneous latching operation). This erroneous operation

will be de.scribed in more detail below.

FIG. 10 is a cross-sectional view of the semiconductor
substrate 100 on which resistors R3 through R6 shown in
FIG. 9 are formed as p-type diffused resistor, while only one
of those resistors is illustrated in FIG. 10. In FIG. 10,
reference numeral 1 denotes a resistor acting as one of
resistors shown in FIG. 9, that is formed in an n-type
epitaxial layer 3 (called an island) surrounded by p(p+)-type
diffused region 2 called an isolation-diffused region. In an
actual integrated circuit, a plurality of resistors 1 are formed
i this epitaxial layer 3. The epitaxial layer 3, in which the
resistor 1 1s formed, should be maintained at a stable voltage
higher than the voltage of the resistor 1 so that the resistor
1 1s reverse-biased thereby isolating the resistor 1. For this
reason, the voltage of the epitaxial layer 3 is generally fixed
to the power supply voltage Vcc. Reference numeral 3a
denotes a terminal for connecting the epitaxial layer 3 to the

power supply.

While a reverse bias voltage is applied between the
resistor 1 and the epitaxial layer 3 for isolation, there are still
small parasitic capacitances 4 as represented by broken lines
in FIG. 10. These parasitic capacitances correspond to
capacitors 4a—4d of the flip-flop circuit shown in FIG. 9. In
general, when a pn junction is reverse-biased, there is a
junction capacitance acting as a parasitic capacitance. If the
fluctuation of the power supply voltage Vcc or the GND
voltage is large, these parasitic capacitances 4 cause the
flip-flop circuit to operate in an erroneous fashion.

Semiconductor integrated circuits installed in a car or a
motorcycle are aftfected by ignition noise due to sparks of an
ignition plug. FIG. 11A illustrates a waveform associated
with the inverted-Q output at the output terminal OUT of the
circuit shown in FIG. 9, in which erroneous inversion due to
1gnition noise 1S shown. FIG. 11B illustrates a waveform
associated with the power supply voltage Vcc subjected to
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ignmtion noise. In FIG. 11B, V represents a voltage swing of
10 V and T represents a time period of 4 us. As shown in
FIG. 11A, the inverted-Q output is inverted from an H-level

to an L-level due to ignition noise. That is, if the power
supply Vcc or the GND is subjected to huge surge noise such 5
as igmtion noise, a current flows for a short time through
parasitic capacitances of the semiconductor substrate into
the bases of the transistors Q3, Q4 (refer to FIG. 9), which
sometimes results in erroneous operation.

It can be understood that the erroneous operation occurs 10
as follows.

(a) In a normal state, both set and reset signals are at an
L-level, and the Q signals is at an L-level and the inverted-Q
signal is at an H-level. Thus, the transistors Q3, Q4, and Q8
are in an off-state, and the transistor Q7 is in an on-state.

(b) In this state, if external noise such as ignition noise
enters the circuit, fluctuations occur in the power supply
voltage Vcc or the GND voltage.

(c) As a result, a current flows through the parasitic 5
capacitance 4a or 4b from the power supply Vcc to the
resistor R3 or RS as shown in FIG. 9. Thus, a current flows
into the base of the transistor Q3 or Q4. If the amount of this
current reaches several tenths or several hundredths of the
collector current of the same transistor, the transistor Q3 or 55
Q4 can be turned on. For example, if I3 is assumed to be 50
UA, then a current of several pA flowing into the base of the
transistor Q3 or Q4 can turn on the transistor.

(d) In the above-described manner, the flip-flop circuit is
set, and inverted-Q output is inverted from the H-level to an 30
L-level. While this inversion is not due to a true set signal,

a signal indicating an event of a failure is sent to the
microcomputer of the ABS. As a result, the ABS stops the
antilock brake control, and switches the control to the
normal brake control mode. 35

In the above example, erroneous set operation of the
system has been described. However, the system may also
be reset erroneously in a similar manner.

What is a really serious problem here is that a transistor
1s for example turned on from an off-state due to noise and
latched in this on-state. However, fluctuations that occur for
a short time without leading to latching do not bring about
any serious problems.

As described above, conventional semiconductor inte-
grated circuits including a bipolar-type flip-flop circuit con-
figured in the above-described manner have a problem that
external noise can bring about erroneous operations.
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It 1s an object of the present invention to solve the above
problem. More specifically, it is an object of the present
invention to provide a semiconductor integrated circuit that
prevents Or suppresses erroneous operations due to noise.  ss

According to a first aspect of the present invention, there
1s provided a semiconductor integrated circuit including a
flip-flop circuit with bipolar-type transistors comprising: a
set/reset circuit section for generating a Q output signal and
an inverted-Q output signal, the set/reset circuit section 60
including a plurality of transistors that perform either a set
operation or a reset operation of the flip-flop circuit; and
erroneous operation suppressing means for suppressing
erroneous operation of a transistor due to noise entering the
base of the transistor, wherein, among the plurality of 65
transistors of the set/reset section, the transistor whose
erroneous operation is to be suppressed is such that a

4

transistor has its base connected to a signal output having a
fan-out of at least two whereby the transistor is latched in
either an on-state or an off-state.

According to a second aspect of the present invention that
1s based on the first aspect, there is provided a semiconduc-
tor integrated circuit in which the erroneous operation
suppressing means is a two-stage bipolar-transistor inverter
circuit disposed between the base of the transistor and a
balance resistor connected to the signal output having the
fan-out of at least two.

According to a third aspect of the present invention that
1s based on the first aspect, there is provided a semiconduc-
tor integrated circuit in which the erroneous operation
suppressing means is accomplished in such a manner that,
among the transistors, transistors having bases receiving the
same signal are formed in areas adjacent to each other on a
semiconductor substrate so that balance resistors become
unnecessary.

According to a fourth aspect of the present invention that
1s based on the first aspect, there is provided a semiconduc-
tor integrated circuit in which the erroneous operation
suppressing means COMprises a turn on suppressing element
for suppressing turning-on of the transistor having a base
connected to a signal output having a fan-out of at least two
wherein the transistor is latched in either an on-state or an
oii-state.

According to a fifth aspect of the present invention that is
based on the fourth aspect, there is provided a semiconduc-
tor integrated circuit in which the turning-on suppressing
element comprises a capacitor for absorbing a noise current,
the capacitor being connected either between the base and
the emitter of the transistor or between the base and the
collector of the transistor.

According to a sixth aspect of the present invention that
1s based on the fourth aspect, there is provided a semicon-
ductor integrated circuit in which the turn on suppressing
element comprises a level-shift diode for increasing a logic
threshold level associated with the transistor thereby acquir-
Ing greater resistance to noise, the level-shift diode being
connected to the base of the transistor having a grounded
emitter.

According to a seventh aspect of the present invention
that 1s based on the fourth aspect, there is provided a
semiconductor integrated circuit, in which the turn on sup-
pressing element is a leakage reducing resistor for suppress-
ing a noise current flowing into the transistor, the leakage
reducing resistor being connected between the base and the
emitter of the transistor.

According to an eighth aspect of the present invention that
18 based on the first aspect, there is provided a semiconduc-
tor integrated circuit in which the erroneous operation
suppressing means comprises a stabilized voltage source
connected to a power supply terminal formed in an n-type
epitaxial layer on a semiconductor substrate wherein a
resistor of the flip-flop circuit is formed as a p-type diffused
resistor in the n-type epitaxial layer, thereby stabilizing the
power supply voltage including fluctuations and thus sup-
pressing a noise current entering through a parasitic capaci-
tance associated with the p-type diffused resistor.

According to a ninth aspect of the present invention that
1s based on the first aspect, there is provided a semiconduc-
tor integrated circuit in which the erroneous operation
suppressing means includes: a balance resistor connected
between the emitter of a transistor and ground; and a
level-shift diode connected to the collector output of the
transistor, the level-shift diode ensuring that the succeeding
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stage may be tumed off even when the emitter of the
transistor 1s at a floating potential.

According to a tenth aspect of the present invention that
18 based on the first aspect, there is provided a semiconduc-
tor integrated circuit, in which the erroneous operation
suppressing means is accomplished in such a manner that a
current flowing through the collector of a transistor of the
flip-fiop circuit has a large value relative to a noise current
whereby the transistor acquires greater resistance to noise.

The semiconductor integrated circuit according to the first
aspect of the present invention has erroneous operation
suppressing means for suppressing an erroneous operation
of a transistor due to noise entering the base of the transistor.
Among a plurality of transistors that are involved with a
set/reset operation, the above erroneous operation suppress-
iIng means is provided for transistors whose bases are
connected to a signal output having a fan-out of at least two
wherein the transistors ace latched in either an on-state or an

off-state, whereby undesirable erroneous operations are
avoided.

In the semiconductor integrated circuit of the second
aspect based on the first aspect of the invention, the erro-
neous operation suppressing means is a two-stage bipolar-
transistor inverter circuit disposed between the base of the
transistor and a balance resistor connected to the signal
output having a fan-out of at least two. In this semiconductor
integrated circuit, the balance resistor formed of a p-type
diffused resistor is not connected directly to the base, so that
a noise current cannot easily flow through a parasitic capaci-
tance associated with the p-type diffused resistor into the
base of the transistor. Thus, erroneous operations are pre-
vented.,

In the semiconductor integrated circuit of the third aspect
based on the first aspect of the present invention, transistors
having bases recelving the same signal are formed in areas
adjacent to each other on a semiconductor substrate so as to
minimize the variation in forward voltage VF among the
transistors whereby balance resistors become unnecessary.

In the semiconductor integrated circuit of the fourth
aspect based on the first aspect of the present invention, the
erroneous operation suppressing means is accomplished
using the turn on suppressing element for suppressing turn-
ing-on of the transistor having its base connected to a signal
output having a fan-out of at least two wherein the transistor
1§ latched 1n either an on-state or an off-state.

In the semiconductor integrated circuit of the fifth aspect
based on the fourth aspect of the present invention, a
capacitor is used as the turning-on suppressing element for
absorbing a noise current, wherein the capacitor is connected
either between the base and the emitter of the transistor or
between the base and the collector of the transistor.

In the semiconductor integrated circuit of the sixth aspect
based on the forth aspect of the present invention, a level-
shift diode is used as the turn on suppressing element
wherein the level-shift diode is connected to the base of the
transistor whose emuitter is grounded so as to increase a logic
threshold level associated with the transistor thereby acquir-
1ng greater resistance to noise.

In the semiconductor integrated circuit of the seventh
aspect based on the fourth aspect of the present invention, a
leakage reducing resistor 1s used as the turning-on suppress-
ing element wherein the leakage reducing resistor is con-
nected between the base and the emitter of the transistor
thereby suppressing a noise current flowing into the tran-
S1StOr.

In the semiconductor integrated circuit of the eighth
aspect based on the first aspect of the present invention, the
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erroneous operation suppressing means comprises a stabi-
lized voltage source connected to a power supply terminal
formed in an n-type epitaxial layer on a semiconductor
substrate wherein a resistor of the flip-fiop circuit is formed
as a p-type diffused resistor in the n-type epitaxial layer,
thereby stabilizing a power supply voltage including a
fluctuations and thus suppressing a noise current entering
through a parasitic capacitance associated with the p-type
diffused resistor. The stabilized voltage source may be
implemented for example, by one diode or a plurality of
diodes connected in series.

In the semiconductor integrated circuit of the ninth aspect
based on the first aspect of the present invention, the
erroneocus operation suppressing means includes: a balance
resistor connected between the emitter of a transistor and
ground; and a level-shift diode connected to the collector
output of the transistor. The level-shift diode ensures that the
succeeding stage may be turned off even when the emitter of
the transistor is at a floating potential.

In the semiconductor integrated circuit of the tenth aspect
based on the first aspect of the present invention, the
EITONEeous operation suppressing means 1s accomplished in
such a manner that a current flowing through the coliector of
a transistor of the flip-flop circuit is set to a large value
relative to a noise current whereby the transistor acquires
greater resistance to noise.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram of a first embodiment of a
semiconductor integrated circuit of a flip-flop circuit accord-
ing to the present invention;

FIG. 2 1s a circuit diagram of a second embodiment of a
semiconductor integrated circuit of a flip-flop circuit accord-
ing to the present invention;

FIG. 3 is a circuit diagram of a third embodiment of a
semiconductor integrated circuit of a flip-flop circuit accord-
ing to the present invention;

FIG. 4 is a circuit diagram of a fourth embodiment of a
semiconductor integrated circuit of a flip-flop circuit accord-
ing to the present invention;

FIG. 5 is a circuit diagram of a fifth embodiment of a
semiconductor integrated circuit of a flip-flop circuit accord-
ing to the present invention;

FI1G. 6 15 a circuit diagram of a sixth embodiment of a
semiconductor integrated circuit of a flip-flop circuit accord-
ing to the present invention;

FIG. 7 is a circuit diagram of a seventh embodiment of a
stabilized voltage source according to the present invention,
wherein the stabilized voltage source is connected to a
power supply terminal formed in an epitaxial layer on a
semiconductor substrate of a semiconductor integrated cir-
cuit;

FIG. 8 1s a circuit diagram of an eighth embodiment of a
semiconductor integrated circuit of a flip-flop circuit accord-
ing to the present inventiorn;

FIG. 9 1s a circuit diagram of a conventional semicon-
ductor integrated circuit of a flip-flop circuit;

FIG. 10 is a cross-sectional view of a semiconductor
substrate of the conventional semiconductor integrated cir-
cuit wherein p-type diffused resistors are formed on the
semiconductor substrate; and

FIGS. 11A and 11B are schematic illustrations of a
waveform of an output of a flip-fiop circuit and a waveform

of a power supply voltage both including noise components
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that cause erroneous operations of the flip-flop circuit
according to a conventional technique of a semiconductor
integrated circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the accompanying drawings, embodiments of
the present invention will be described.

EMBODIMENT 1

FIG. 1 1s a circuit diagram of a first embodiment of a
semiconductor integrated bipolar flip-flop circuit according
to the present invention. In this figure, elements similar to or
corresponding to those in FIG. 9 are denoted by similar
reference characters.

In this flip-flop circuit 10a shown in FIG. 1, a reset
operation also takes precedence over a set operation. The
flip-flop circuit 10a includes: constant current sources 11-17
(11-I7 are also used to denote the values of currents supplied
by these current sources); bipolar transistors Q1-Q9, each
emitter of which is grounded; and resistors R1-R6. Among
transistors Q1-Q9, transistors: Q3, Q4, Q7, and Q8 are
involved with at least either a D-set operation or a reset
operation in the flip-flop circuit. The transistor Q9 forming
an inverter inverts the Q signal and provides an inverted-Q
signal at the output terminal OUT. The transistors Q1 and Q2
form a two-stage inverter whose output is connected to the
base of the transistor Q3. Similarly, the transistor Q5 and Q6
form a two-stage inverter whose output is connected to the
base of the transistor Q4. Resistors R3 and R4 are balance
resistors for providing the Q signal equally to bases of both
transistors Q4 and Q9. Similarly, resistors RS and R6 are
balance resistors for transferring a signal applied to the set
terminal equally to the base of the transistor Q1 and the base
of a transistor in another block (not shown).

In this flip-flop circuit 10a, a two-stage inverter is con-
nected to each of the bases of the transistors Q3 and Q4 that
perform set and reset operations, respectively, so that a
resistor formed of a p-type diffused area is not connected
directly to the base of the transistor Q3 or Q4. The resistors
R1 and R2 (formed as p-type diffused resistors) connected to
the bases of the transistors Q2 and QS5 of the inverters are
connected to the transistors Q3 or Q4 prevent the transistors
Q3 and Q4 from being easily turned on.

This circuit operates as follows.

First, the circuit shown in FIG. 1 is assumed to be in a
normal state in which both set signal and reset signal are at
an L-level, and the Q signal is at an L-level and the
inverted-Q signal is at an H-level. In this state, if the power
supply voltage Vcc or the GND voltage is disturbed by noise
to a great extent, currents flow through parasitic capaci-
tances (refer to FIGS. 9 and 10) from the power supply to
p-type diffused resistors as in the case of the conventional
circuit described above. However, because the bases of the
transistors Q3, Q4, Q7, and Q8 that are directly involved
with the set or reset operation of the flip-flop circuit are not
connected directly to the p-type diffused resistors, these
transistors Q3, Q4, Q7, and Q8 are not turned on due to noise
even for a very short time. Therefore, erroneous operations
do not occur in the flip-flop circuit. Since, the bases of the
transistors Q2 and QS are connected to the transistors Q3
and Q4, respectively, and are connected to the resistors R1
and R2, p-type diffused resistors, these transistors Q2 and
QS can be turned on due to noise. However, turning on of
these transistors Q2 and QS has an effect opposite to the
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turning on of the transistors Q3 and Q4. As a result, the
flip-flop circuit has greater resistance to noise.

In this circuit, as described above, what is a really serious
problem that is solved according to the present invention is
that a transistor is turned on from an off-state due to noise
and latched in the on-state. Fluctuations that occur for a
short time without leading to latching do not bring about any
problems.

The Q signal line is connected indirectly to the base of the
transistor Q4 for the following two reasons.

(1) First, balance resistors are required since the Q signal
has a fan-out of two, that is, the Q signal is connected to two
transistors Q4 and Q9. (In general, when the fan-out is
greater than two, it is desirable to have balance resistors for
providing equal signal distributions. Otherwise, variations in
forward voltage VF among transistors may produce imbal-
ance 1n base current among these transistors, which may
further cause the base current to be concentrated in a certain
transistor. As a result, transistors that should be turmed on
cannot be turned on.)

However, as discussed above, it is not desirable to connect
the Q signal to the base of the transistor Q4 via a direct
connection of a balance resistor. Therefore, the two-stage
inverter including transistors Q5 and Q6 is added to the
circuit so that a p-type diffused resistor is not connected
directly to the base of the transistor Q4.

(2) Second, sometimes, it is impossible to design a circuit
pattern on a semiconductor substrate such that the line
between the Q-signal and the base of the transistor Q4 has
no cross-over (a portion at which two interconnections cross
each other). Thus, if a resistor R3 is used for a cross-over,
a two-stage inverter is also added to the circuit. In a
semmconductor substrate such as that shown in FIG. 10, the
interconnection pattern is usually made of aluminum. There-
fore, if interconnections are crossed directly, these are
short-circuited. To avoid this problem, a p-type diffused
resistor is commonly used as a jumper for one of intercon-
nections at a cross-over portion as long as the p-type diffused
resistor brings about no other serious problems in the circuit
operation. When the resistor R3 is such a resistor, a two-
stage inverter is required. (If the cross-over portion is
formed using an n-type diffused resistor, this second reason
will be minor, and the major reason will be the first one in
this case.)

For a similar reason, a two-stage inverter is formed using
transistors Q1 and Q2.

On the other hand, since the transistors Q7 and Q8 are
connected to respective preceding stages each having a
fan-out of one, no two-stage inverter is provided for these
transistors.

EMBODIMENT 2

FIG. 2 1s a circuit diagram of a second embodiment of a
semiconductor integrated bipolar flip-flop circuit according
to the present invention. In this embodiment of the flip-flop
circuit 105, the number of components is reduced by remov-
ing the two-stage inveriers connected to the bases of the
transistors Q3 and Q4 of the circuit shown in FIG. 10a. The
Q signal has a fan-out of two, that is, the Q signal is
connected to both transistors Q4 and Q9. These transistors
Q4 and Q9 are located in areas adjacent to each other on a
semiconductor substrate so that the difference in forward
voltage VF between these transistors Q4 and Q9 is reduced
to a sufficiently small level to eliminate balance resistors and
thus to avoid two-stage inverters.
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In this example shown in FIG. 2, the Q signal line has a
fan-out of two. However, this technique may also be applied
to the case where the fan-out is at least three.

EMBODIMENT 3

FIG. 3 is a circuit diagram of a third embodiment of a
semiconductor integrated bipolar flip-flop circuit according
to the present invention. This embodiment of the flip-flop
circuit 10c differs from the conventional flip-flop circuit 10
shown in FIG. 9 in that, among transistors Q3, Q4, Q7, and
Q8 that are directly involved with at least either set or reset
operation of the flip-flop circuit, the transistors Q3 and Q4

10

whose bases are connected to p-type diffused resistors R3

and R3S, respectively, have capacitors C1 and C2 connected
between respective bases and emitters so as to suppress
turning on of these transistors. These capacitors (by-pass
capacitors) C1 and C3 may be MOS-type capacitors, junc-
tion capacitors, or nitride film capacitors each formed on a
semiconductor substrate. Alternatively, these capacitors may
also be provided as external capacitors separate from the
semiconductor substrate. In this embodiment, capacitors C1
and C2 absorb noise currents, and therefore these noise
currents cannot easily reach the transistor Q3 or Q4.

EMBODIMENT 4

FIG. 4 is a circuit diagram of a fourth embodiment of a
flip-flop circuit according to the present invention. Unlike
the third embodiment of the flip-flop circuit 10¢ shown in
FIG. 3, the fourth embodiment of the flip-flop circuit 104 has
capacitors C3 and C4 connected between each collector and
base of respective transistors Q3 and Q4. Since this circuit
configuration exhibits the Miller effect, capacitances smaller
than those used in the circuit of FIG. 3 can be used. In theory,
if the current gain hFE of each transistor Q3, and Q4 is, for
example 100, then the capacitance of each capacitor C3, and
C4 may be one hundredth of that required for the case where
capacitors are connected between each base and emitter of
respective transistors Q3 and Q4 as shown in FIG. 3. This
allows a reduction in the area on the substrate required for
each capacitor.

EMBODIMENT 5

FI1G. 5 is a circuit diagram of a fifth embodiment of a
semiconductor integrated bipolar flip-flop circuit according
to the present invention. This embodiment of the flip-flop
circuit 10e differs from the conventional flip-flop circuit 10
shown in FIG. 9 in that level-shift diodes D1 and D2 serving
as elements for preventing turning on of transistors are
connected to bases of respective transistors Q3 and Q4 so
that the effective threshold voltages Vth of these transistors
Q3 and Q4 are increased. Level-shift diodes D3 and D4 are
also added so as to recover an imbalance associated with the

fan-out of two arising from addition of the level-shift diodes
D1 and D2.

With this arrangement, the effective threshold voltages
Vth of the common-emitter transistors Q3 and Q4 can be
increased by a factor of about two (from a common value of
about 0.65 V to about 1.3 V). As a result, the flip-flop circuit
has greater resistance to noise.

EMBODIMENT 6

FIG. 6 1s a circuit diagram of a sixth embodiment of a
semiconductor integrated bipolar flip-flop circuit according
to the present invention. This embodiment of the flip-flop
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circuit 10f differs from the conventional flip-flop circuit 10
shown 1n FIG. 9 in that leakage reducing resistors R7 and RS
serving as elements for preventing turning on of transistors
are added between each base and emitter of respective
transistors Q3 and Q4 so that noise currents cannot easily
reach the transistors Q3 and Q4. A leakage reducing resistor
RY is also added between the base and the emitter of the
transistor Q9 so as to recover an imbalance between two
loads of the 2-fan-out arising from the additions of the
resistors R7 and R8.

EMBODIMENT 7

FIG. 7 1s a circuit diagram of a seventh embodiment of a
stabilized voltage source 20 according to the present inven-
tion, wherein the stabilized voltage source 20 is connected
to a power supply terminal (for example, the power supply
terminal 3a of the epitaxial layer 3 in FIG. 10) of an epitaxial
layer on a semiconductor substrate of a semiconductor
Integrated circuit wherein p-type diffused resistors are
located in the epitaxial layer. In this embodiment, a flip-flop
circuit 1s configured in the same manner as in the flip-flop
circuit 10 shown in FIG. 9. However, the electric power is
supplied indirectly by the power supply Vcc via the stabi-
lized voltage source shown in FIG. 7 that provides a voltage
equal to a forward voltage (about 1.3 V) of a series con-
nection of two voltage-stabilizing diodes D10 and D11 to the
epitaxial layer (the p-type diffused island) in which the
resistors R3 and RS connected to the bases of the transistors
Q3 and Q4 are located. With this arrangement, even if
voltage fluctuations occur in the power supply Vcc, the
stabilized voltage source 20 can provide a stabilized voltage
of 1.3 V. As a result, noise currents cannot easily flow
through parasitic capacitances associated with the p-type
diffused resistors.

The number of volitage-stabilizing diodes is not limited to
two. An arbitrary number, for example three or more,
voltage-stabilizing diodes may be employed to achieve a
required supply voltage.

EMBODIMENT 8

FIG. 8 is a circuit diagram of an eighth embodiment of a
semiconductor integrated bipolar flip-flop circuit according
to the present invention. This embodiment of the flip-flop
circuit 10g differs from the conventional fiip-flop circuit 10
shown 1n FIG. 9 1n that resistors R10 and R11 are connected
between each emitter of transistors Q3 and Q4 and ground
so that these resistors act as balance resistors for the Q signal
having a fan-out of two or more. A resistor R12 is also added
between the emitter of the transistor Q9 and ground so as to
aintain the balance between the transistors Q4 and Q9.
Furthermore, a level-shift diode DS is added between the
collector of the transistor Q4 and the base of the transistor
Q7 so a transistor at a succeeding stage can turn off when
cmitters of the transistors Q3 and Q4 come to floating
potentials. For a similar reason, a diode D6 is also connected
to the output terminal OQUT.

EMBODIMENT 9

A ninth embodiment described below may be applied to
any previous embodiment in such a manner that currents
supplied by the constant current sources I3 and 16 to
transistors that are directly involved with the set or reset
operation of the flip-flop circuit. The collector currents of
these transistors, are set to values greater than noise currents
for greater resistance to noise. In general, the constant
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current sources 11-I7 are designed to supply a constant
current of, for example, several tens of pA. In this embodi-
ent, however, the currents supplied by the constant current
sources I3 and I6 are set to several mA so that even if a noise
current of several A flows into a transistor, for example, the
transistor Q3, the transistor Q3 will never turn on provided
that the transistor has a current gain hFE of about 100. In this
way, erroneous operations of the flip-flop circuit are pre-
vented.

Although the present invention has been illustrated in
terms of specific examples, the invention is not meant to be
limited to these embodiments. For example, various com-
binations of these embodiments or other modifications are
possible.

Furthermore, the applications of the present invention are
not limited to semiconductor integrated circuits installed in
cars or motorcycles. The present invention can also be
applied to various semiconductor integrated circuits includ-
ing a flip-flop circuit that is subjected to large noise signals.

As described above, in a semiconductor integrated circuit
including a flip-flop circuit according to the present inven-
tion, a p-type diffused resistor is not connected directly to
bases of transistors that are directly involved with at least
either a set operation or a reset operation of the flip-flop
circuit, or there is provided means for suppressing a noise
current passing through a parasitic capacitance associated
with the p-type diffused resistor, thereby preventing the
transistors from turning on erroneously. Thus, the present
invention provides a high-reliability semiconductor inte-
grated circuit that has high resistance to noise.

What 1s claimed is:

1. A semiconductor integrated flip-flop circuit with bipo-
lar transistors comprising:
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a set/reset circuit section for generating a Q output signal
and an 1inverted-Q output signal, the set/reset circuit
section including a plurality of bipolar transistors hav-
ing respective emitters, bases, and collectors, the tran-
sistors performing set and reset operations of the flip-
flop circuit; and

erroneous operation suppressing means for suppressing
erroneous operation of a first of the transistors due to

noise entering the bases of the transistors, wherein the
first transistor has its base coupled to a signal output
having a fan-out of at least two and is latched in an
on-state or an ofi-state, the erroneous operation sup-
pressing means including a two-stage bipolar transistor
inverter circuit and a balance resistor, the two-stage
bipolar transistor inverter circuit being coupled
between the base of the first transistor and the balance
resistor, the balance resistor being coupled to the signal
output.

2. The semiconductor integrated flip-flop circuit with
bipolar transistors according to claim 1 wherein said erro-
Neous operation suppressing means comprises a turn-on
suppressing resistor for suppressing turning-on of the first
transistor and the turn-on suppressing resistor is connected
between the base of one transistor of the two-stage bipolar
transistor inverter circuit and the collector of another tran-
sistor of the two-stage bipolar inverter circuit.

3. The semiconductor integrated flip-flop circuit with
bipolar transistors according to claim 1 wherein the semi-
conductor integrated circuit comprises a signal inverting
section for inverting an output signal from the set/reset
circuit section.
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